(Digital Instruments, Santa Barbara, CA). Single beam silicon oxide AFM probes were used (T300R-W series, VistaProbes, Phoenix, AZ) with a nominal spring constant of 40nN/nm. In order to preserve the structure of the sample, the free amplitude of the AFM probe was kept to a minimum and images where acquired at the maximum amplitude set-point. Scan rate was set to 0.7 Hz and resolution was 512x512 pixels. Blanks containing the solvent, CH 2 Cl 2 (from same butch used for the compounds) following rigorously the exact procedure were performed for each experiment; images of those are depicted in the Supplementary Information, SI. dc and ac magnetic measurements were performed with Quantum Design MPMS-5S and MPMS-XL magnetometers either at the Universitat Barcelona or at the Physical Measurements unit of the Servicio General de Apoyo a la Investigación-SAI, Universidad de Zaragoza. ac susceptibility data in the range 100-10000 Hz were obtained at this same facility using the ac-susceptibility option of a Physical Properties Measurement System from Quantum Design.
Computational Details. CASSCF/NEVPT2 calculations were performed to extract zero-field splitting parameters of the Co II cations using the whole molecular structure of the complexes with version 2.9.1 of the ORCA program 16 using the TZVP basis set proposed by Ahlrichs 17 and the auxiliary TZV/C Coulomb fitting basis sets. 18 The active space consisted of five orbitals occupied by seven electrons to describe the static correlation. Dynamic correlation effects were included through n-electron valence state perturbation theory (NEVPT2) method. For the calculations of the magnetic anisotropy, the contributions from ten quartet and forty doublet excited states were considered. Quasi-degenerate perturbation theory was used to add the spin-orbit coupling elements to the Hamiltonian matrix. Diagonalization of such matrix provides the final complex eigenstates.
Photoemission. Ultra-violet Photoemission Spectroscopy (UPS) and X-ray Photoelectron Spectroscopy (XPS) experiments were performed at a base pressure of 10 -10 mbar and room temperature using a SPECS PHOIBOS 150 hemispherical analyzer equipped with a 2D CCD detector and using monochromatic HeI (21.22 eV) and AlK (1486.6 eV) radiation as excitation sources, respectively. The samples were prepared by spin-coating a solution of 1 and 2 in CH 2 Cl 2 on freshly cleaved HOPG substrates at 300 rpm and introduced in the fast-entry lock vacuum system shortly after deposition to avoid contamination. After pumping overnight samples were transferred to the analysis chamber. Beam damage has to be characterized when exposing molecular films to intense UV beams. 19, 20 The stability of the films has been checked by accumulating several spectra at the same point. We do not observe changes in films of 2 after acquiring three consecutive spectra. The spectra shown here correspond to the first acquired ones on a new region of the sample. Prior to the UPS experiments, exploratory XPS was performed on the films. Films of 2 showed the presence of N1s and Co2p lines, apart from the C1s and O1s lines, with the characteristic shape of a Co II electronic configuration. However, for films of 1 no N1s lines could be detected, so that such films were not considered for the UPS experiments.
Syntheses of "cis" and "trans" compounds. Figure S17. XPS experiments of a film of 2 spin-coated on HOPG. Table S1 . Crystal data and structure refinement for compounds 1 -2. (4) were synthesized in the same way that compound (1) but 3,5-(CH 3 ) 2 -py and DMF were used in the case of compounds (3) and (4), respectively.
-----------------------------------------------------------------------------------------------------------------------------

cis compounds:
Compound [Co(4,4'-Dimethyl-2,2'-dipyridyl)(9Accm) 2 ] (5) and compound [Co(5,5'-Dimethyl-2,2'-dipyridyl)(9Accm) 2 ] (6) were synthesized in the same way that compound (2) but using 4,4'-Dimethyl-2,2'-dipyridyl (for 5) and 5,5'-Dimethyl-2,2'-dipyridyl (for 6).
[Co (9Accm) 3419, 3046, 3021, 3006, 2920, 1640, 1566, 1499, 1452, 1408, 1348, 1264, 1161, 968, 881, 844, 790, 736, 703, 605, 538, 446 3426, 3043, 3021, 2925, 1652, 1561, 1504, 1442, 1405, 1378, 1348, 1262, 1156, 1096, 970, 881, 844, 792, 733, 671, 602, 538, 444 Table S1 . Crystal data and structure refinement for compounds 1-2
Compound ( 16.900 (3) 22.440 (4) 90,00
108.612 (3) 90.00
6200 (2) 100 ( 
